Mold releasing forces are experimentally measured in various exposure dosages for UV nanoimprint resist. PAK01 resist is examined to evaluate the chemical conversion by FTIR. Time dependent conversion ratio is measured under UV exposure and the conversion ratio of the UV resin versus exposed dosages is verified. Also, releasing forces for various exposure dosages are mechanically measured for flat mold. The results show the measured releasing force is not stabilized until the conversion is completed up to over around 90 %. Based on these results, the minimums exposure dosage is known for successful releasing.
Introduction
UV nanoimprint lithography [1] is demanded for future VLSI's fabrication [2] for cost effective and high resolution lithography method, however there remain several significant problems. One of them is mold (template) releasing process. Significant defects occur when the mold is released from cured resist. When the resist strongly adheres to the mold surface, the resist sticks to the mold and lifted away. There are several issues related to the mold releasing defects. For example, surface adhesion with the mold and the resist is one of the critical issues. On the other hand, friction between the mold and the resist is also significant problem.
There have been reported on experimental studies on mold releasing forces for UV curable resists [3] [4] [5] [6] [7] , however the relation between the mold releasing force and chemical reactions such as conversion rates has not been discussed in detail. A UV curable resin reacts with irradiated UV light and turns to elastic body, however the relation between exposure dosages and releasing force has not been discussed. On the other hand, one of the important interests in UV nanoimprint lithography is the exposure time for UV resin, because short exposure time makes rapid UV nanoimprint process.
In this paper, adhesion forces between mold and UV resin (PAK-01 delivered by Toyo Gosei Co. Ltd.) are examined for various exposure dosages using flat mold. Also, the conversion ratio of the UV curable resist is evaluated for various dosages using Fourier Transform Infrared spectroscopy (FTIR).
Conversion ratio of the resin under UV irradiation
To investigate chemical exchanges of the resin under UV irradiation, in-situ measurement of photo absorption is carried out using FITR under UV irradiation. Figure 2 (a) illustrates a scheme of conversion reaction of PAK-01 under UV exposure. The photo-reaction initiator is decomposed and generates free radicals, which brings acrylic polymerization, and converses to vinyl groups. By evaluating the amount of vinyl groups, the conversion ratio is extracted by FTIR investigation under UV irradiation. The relation between exposure dosages and the conversion ratio is extracted as shown in Fig. 3 . As the irradiated energy increases, the conversion ratio increases. For example, the conversion ratio reaches over 80 % at around 5 mJ/cm 2 exposure. Then, the conversion ratio slowly increases up to 90 % over 40 mJ/cm 2 . The interest is that the adhesion relates to the conversion ratio or not, because lower exposure energy leads rapid UV exposure process. 
Measurements of the de-molding force in various exposure dosages
The de-molding force is measured by in-house measurement system using force gauge.
To evaluate the adhesion between UV resin and mold surface, s flat Si mold is prepared. To avoid the influence by impurity and roughness of the mold surface such as quartz plate, The surface of the Si mold is oxidized because flat and pure quartz layer is obtained instead of quartz template. The schematic diagram of the sample preparation is shown in Fig. 4 . PAK-01 resist is spun coated on quartz substrate and the Si mold is pressed on the resist, where fluorocarbon molecular layer is coated by Silane coupling agent on the SiO 2 layer to avoid adhesion [8] . The UV light is exposed through the quartz substrate. 
